Background: Therehasbeenanincreaseinoverdosedeaths and emergency department visits (EDVs) involving use of prescription opioids, but the association between opioid prescribing and adverse outcomes is unclear.
C
HRONIC OPIOID THERAPY (COT) is now a common strategy for managing chronic noncancer pain (CNCP). [1] [2] [3] Concurrent with an increase in COT for CNCP has been an increase in reported opioid abuse and deaths from prescription opioid overdose. In Washington state, an increase in overdose deaths among individuals receiving workers' compensation benefits was observed between 1996 and 2002, concurrent with a shift toward the use of more potent Schedule II opioids and a 50% increase in average daily morphine dose. 4 Similar increases in opioid-related fatal poisoning rates have been found in Massachusetts 5 and in Oregon. 6 Nonfatal adverse events resulting from prescription opioid use also appear to be increasing. The Centers for Disease Control 7 estimates that the number of emergency department (ED) visits for nonmedical use of opioid analgesics increased 111% from 2004 to 2008 (from 144 600 to 305 900 visits) and increased 29% just during the 2007-2008 period. Oxycodone, hydrocodone, and methadone were most frequently noted, and the use of all of these showed statistically significant increases.
However, it is unclear whether specific aspects of COT prescribing are related to adverse events. Deaths related to prescription opioid use might be owing to abuse and diversion of these medications, or they might be purely accidental. 8 Demographic and clinical factors associated with increased adverse medical outcomes among COT prescription recipients are unknown.
In this study, we investigated the relationship between COT prescription and subsequent ED utilization. We studied a state Medicaid population and a multistate commercially insured population, using administrative claims data to examine the prevalence and risk factors for ED use and visits for alcohol-and drug-related encounters (ADEs) among individuals who used opioids for at least 90 continuous days.
METHODS

DATA SOURCE
The TROUP (Trends and Risks of Opioid Use for Pain) study 3 was designed to assess trends in and risks of COT for noncancer pain among insured individuals with 5 tracer conditions: arthritis and/or joint pain, back pain, neck pain, headaches, and human immunodeficiency virus and/or AIDS. Data were obtained from claims records from January 2000 through December 2005 from 2 sources: The HealthCore Integrated Research Database (HIRD) (HealthCore Inc, Wilmington, Delaware), containing data from large, commercial insurance plans in 14 states; and Arkansas Medicaid. These 2 diverse populations were chosen to describe the range of opioid use in different populations. Owing to the retrospective nature of the study and the use of a limited data set, a waiver of the requirements for informed consent was granted from the human subjects review committees. Additional details of the study population have been reported elsewhere. 3, 9 
STUDY SAMPLE
The analytical sample consisted of adult enrollees (age Ն18 years) who used opioids for at least 90 continuous days over a 6-month period between January 1, 2001, and December 31, 2004. Continuous use was defined as opioid prescription claims without a gap of 32 or more days between the end of the days supplied of one opioid prescription and the fill date of the next opioid prescription. The first day of the opioid use episode was defined as the index date. Individuals were required to have 12 months of continuous eligibility prior to and following the index date. Nursing home residents, hospice patients, and patients with a cancer diagnosis in the year prior to the index date (other than nonmelanoma skin cancer) were excluded. From HealthCore and Arkansas Medicaid, 38 491 and 10 159 enrollees, respectively, met the inclusion criteria.
SOCIODEMOGRAPHIC AND CLINICAL VARIABLES
Data on sociodemographic and clinical characteristics came from claims records in the 12-month period prior to the index date of the opioid use episode. The Charlson comorbidity index 10 was used as a measure of overall medical comorbidity. In addition, we also collected information on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) pain diagnoses in the 12 months before the index date. Arthritis and/or joint pain, back pain, neck pain, and headache were selected as tracer pain diagnoses to be tracked individually because these were the most commonly reported pain sites in the World Health Organization Collaborative Study of Psychological Problems in General Health Care. 11 We also collected information on the presence of the following other (nontracer) pain diagnoses: extremity pain, abdominal pain, chest pain, kidney stones and/or gallstones, pelvic pain, rheumatoid arthritis, fractures, neuropathic pain, fibromyalgia, and temporomandibular joint pain. These conditions were summed to create the number of nontracer pain diagnoses. Mental health and substance use disorders were classified into the following groups based on ICD-9-CM diagnoses using validated grouping software developed by the Agency for Healthcare Research and Quality (Clinical Classifications Software [CCS], 2008 release; Agency for Healthcare Research and Quality, Rockville, Maryland): adjustment disorders, anxiety disorders, mood disorders, personality disorders, and substance use disorders. Mood disorders were further classified as unipolar depressive disorder or bipolar disorder; substance use disorders were further classified as alcohol-use disorder, nonopioid-use disorder, or opioid-use disorder. Adjustment, anxiety, mood, and personality disorders were also summed to create a variable identifying the number of mental health disorder types.
HEALTH SERVICE USE VARIABLES
Data on ED visits and ADEs (alcohol intoxication, withdrawal, or overdose; drug intoxication or withdrawal; nonopioid drug overdose; or opioid drug overdose) were collected for the 12-month period following the start of the opioid use episode. Because the overall number was small, we included both outpatient and inpatient ADEs as well as those occurring in the ED. Of COT patients with ADEs, 65% from the HealthCore cohort (n=402) and 62% from Arkansas Medicaid (n=164) also had at least 1 ED visit during the 12-month period following the opioid use episode index date. Primary ICD-9-CM diagnoses for visits to the ED were tracked for the 12-month period following the index date of the opioid use episode. The ICD-9-CM diagnoses were classified into diagnostic categories using validated grouping software (CCS).
MEDICATION VARIABLES
Data on opioid use were collected for the 6-month period after the index date of the opioid use episode to match the time frame for the 90 days of opioid use required for inclusion in the sample. Opioids were categorized into 3 major groups: short-acting Drug Enforcement Agency (DEA) Schedule II opioids, long-acting DEA Schedule II opioids, and non-Schedule II opioids. 3 The total morphine-equivalent dose (MED) for a single prescription was calculated by multiplying the quantity of each prescription by the strength of the prescription (milligrams of opioid per unit dispensed) and multiplying this total by a conversion factor. 3 Opioid dose per day supplied was calculated by adding the total MEDs for the 3 major opioid groups and dividing by the sum of the total days' supply (as entered by the dispensing pharmacist on each prescription claim) of the 3 major opioid groups. Opioid daily dose was further categorized into the following categories: less than the median (35 mg MED/d for the Arkansas sample and 32 mg MED/d for the HealthCore sample), from the median to 120 mg MED/d, and greater than 120 mg MED/d. The 120-mg threshold was chosen because Washington State Interagency Opioid Dosing Guidelines 12 recommend pain specialty consultation for doses greater than this.
Types of opioid received were determined based on opioid class (as defined by DEA schedule and duration of action). Patients were coded as receiving a particular opioid class if they received at least 30 days' supply of that class within a 6-month period. Seven mutually exclusive categories were thus derived: non-Schedule II, Schedule II short-acting, Schedule II long-acting, non-Schedule II plus Schedule II short-acting, Schedule II short-acting plus Schedule II long-acting, non-Schedule II plus Schedule II long-acting, and all 3 opioid types. Opioid days' supply was divided empirically into 3 categories: 160 days or fewer, more than 160 to 185 days, and more than 185 days. Patients could receive more than 185 days' supply if they took 2 or more different opioids simultaneously. We also collected data on receipt of sedative and/or hypnotic agents (benzodiazepines and nonbenzodiazepine sedative and/or hypnotic drugs).
STATISTICAL ANALYSIS
Variables were analyzed descriptively using frequencies and percentages for categorical variables and means with standard deviations for continuous variables.
The associations between health service use outcomes (ED visits and ADEs) and sociodemographic and clinical factors were examined using multiple regression analysis. For ED visits, Poisson regressions were used owing to the count nature of the data and skewed distributions. Negative binomial regressions were used for the number of ADEs owing to the high density of observations with 0 encounters. Regression coefficients and 95% confidence intervals were exponentiated to create estimates of relative risk.
Variables in the regression models were chosen based on factors previously shown in the literature to be associated with the outcomes of interest [13] [14] [15] [16] and on what was considered clinically relevant to the outcomes of interest. The regression models contained the following indicator variables: (1) sociodemographic characteristics (age and sex); (2) medical data (Charlson comorbidity index; dichotomous variables indicating the presence of arthritis and/or joint pain, back pain, neck pain, and headache; and number of nontracer pain conditions); (3) number of mental health disorders (binary indicator with no disorders as the reference group and 1 disorder and 2 or more disorders as the 2 categories of interest); (4) substance use disorders (alcohol use disorder, nonopioid drug use disorder, and opioid drug use disorder); and (5) medication use (days' supply of opioids, opioid daily dose, and sedative and/or hypnotic agent use).
Dose is emerging as an issue of risk 17 and policy. 12 Opioid type (eg, Schedule II) has been a traditional focus of regulation and is one focus of planned new regulations. 18 In addition, including type in the models also allowed us to address differing risks of long-vs short-acting preparations, which would not have been possible in a strictly dose-based analysis. Days' supply of sedative and/or hypnotic agents was transformed by dividing by 30 for the purpose of easier interpretation (ie, the coefficient would now be interpreted as change in the model outcome for each change in 30-days' supply of the medication).
Owing to the large sample sizes and the number of tests, P=.001 was chosen for statistical significance. Other P values are included only for descriptive purposes. STATA software, version 10.0 (StataCorp LLP, College Station, Texas), and SPSS, version 15.0 (IBM Company, Chicago, Illinois) were used for all analyses. Table 1 lists the sociodemographic characteristics of adult enrollees in HealthCore and Arkansas Medicaid who used opioids for at least 90 continuous days within a 6-month period. On average, those undergoing COT were middleaged and predominantly female. Approximately half of HealthCore COT patients and approximately threequarters of those in the Arkansas Medicaid cohort had been diagnosed as having at least 1 noncancer tracer pain. The most prevalent diagnosis in both groups was back pain. Table 2 lists the ED visits and ADEs among adult enrollees in HealthCore and Arkansas Medicaid who used opioids for at least 90 continuous days within a 6-month period. One-quarter to one-third of enrollees in both insurers had an ED visit in the 12 months following the index date of COT use, and fewer than 3% had an ADE.
RESULTS
PRIMARY DIAGNOSES FOR VISITS TO THE ED
The most common primary diagnoses given for the first ED visit in the HealthCore cohort were headache (10.0% of visits), back problems (9.9%), abdominal pain (6.8%), sprains and strains (6.6%), and diseases of the heart (6.3%). The most common primary diagnoses given for the first ED visit in the Arkansas Medicaid cohort were back problems (10.4% of visits), diseases of the heart (7.7%), headache (5.3%), respiratory infections (5.3%), and sprains and strains (5.2%).
The 2 samples had similar opioid usage ( Table 3) . About 55% to 60% of the samples had less than a 160-day supply, and three-quarters of the samples used nonSchedule II opioids only. Forty-three percent of the samples had at least some use of a sedative and/or hypnotic agent for an average of about 2 months. Table 4 lists the mean daily opioid dose for each of the 7 categories of opioid type. For both samples, the lowest mean opioid dose was among those receiving only non-Schedule II drugs, and the highest mean opioid dose was among those receiving both Schedule II long-acting and Schedule II short-acting drugs.
We also examined opioid dose by frequency of ED use. Mean (SD) daily opioid dose increased from 53.5 (98.6) mg MED for the HealthCore COT users with 0 to 2 ED visits to 71.6 (141.5) mg MED among those with 3 or more ED visits in the year following the initiation of COT (P Ͻ.001). For Arkansas Medicaid, the mean daily dose did not differ significantly between the 2 groups (52.8 and 53.6 mg MED). Table 5 and Table 6 list the relative risks for variables associated with ED visits and ADEs among adult HealthCore and Arkansas Medicaid COT users in the first 12 months following the index date of COT use, unadjusted and adjusted for all other variables in the models. For both samples, most of the unadjusted relative risks were statistically significant (P Ͻ .001). Results reported herein are for the adjusted models.
REGRESSION MODELS
Younger age, female sex, more medical comorbidities, presence of back pain, presence of headaches, and greater number of nontracer pain conditions were associated with more ED visits. Alcohol, nonopioid drug use, and opioid abuse or dependence each showed strong association with ED utilization for both insurers. Presence of mental health disorders was significantly associated with ED utilization only in the HealthCore sample.
Opioid dose over the median but below 120 mg/d was significantly associated with ED visits in the HealthCore sample but not in Arkansas Medicaid. Dose greater than 120 mg was not significantly associated with ED visits in either sample. Days' supply of opioids was not significant in the HealthCore model. In the Arkansas Medicaid sample, a greater than 160 but less than 185 days' supply was protective compared with a supply of less than 160 days. Use of Schedule II short-acting opioids and use of sedative and/or hypnotic agents each was associated with increased ED visits in both samples.
Older age and presence of arthritis and/or joint pain were negatively related to the number of ADEs. Higher number of mental health disorders was positively associated with ADEs in the HealthCore sample, and 2 or more mental health disorders increased the risk of encounters over 2-fold in the Arkansas Medicaid sample. Alcohol and/or nonopioid drug abuse or dependence were very strongly related to ADEs. Opioid abuse or dependence was strongly positively related to ADEs in the HealthCore sample but not in the Arkansas Medicaid model.
Opioid dose of more than 120 mg/d was associated with an increased number of ADEs, but the increase was statistically significant only in the HealthCore sample (PϽ.001). In general, days' supply of opioids was not related to ADEs. The results for opioid type were mixed. In the HealthCore model, only use of non-Schedule II plus Schedule II long-acting drugs or use of all 3 types reached statistical significance (P Յ.001). In the Arkansas Medicaid sample, use of Schedule II long-acting drugs only or use of non-Schedule II plus Schedule II longacting drugs was significantly associated with more ADEs. Use of sedative and/or hypnotic medication was related to ADEs in the HealthCore sample but not in the Arkansas Medicaid model.
COMMENT
Among COT users, previously diagnosed substance use disorders and opioid types received were the variables most strongly associated with ED visits and ADEs in the subsequent year. Any use of short-acting Schedule II opioids was associated with a higher number of ED visits, while any use of long-acting Schedule II opioids was associated with more ADEs. Opioid days' supply was not a predictor of these outcomes. Higher opioid daily dose was inconsistently associated with these outcomes. A dose between the median and 120 mg MED/d was associated with ED visits in the HealthCore population only. Doses higher than 120 mg MED/d were not associated with ED visits in either population but were associated with a doubling of risk of ADEs in both populations. Thus, contrary to our hypothesis, we did not observe a clear dose response effect for the health service outcomes we examined.
Daily opioid dose has lately received more scientific and regulatory attention as a risk factor for poor outcomes, but to our knowledge it has not previously been Abbreviation: MED, morphine-equivalent dose. a All data are reported as relative risk (95% confidence interval). All covariates are from the 12-month preindex date of initiation of continuous opioid use except for pharmacologic variables, which are from the 6 months after the index date.
b Adjusted for all other model terms.
examined in models that also control for opioid type and days' dose supplied; our data suggest that receipt of any high-potency Schedule II opioids (vs non-Schedule II drugs) may be a more important determinant of medical risk associated with COT. This may be owing to the greater difficulty of safely adjusting the dose for higherpotency opioids. The use of Schedule II opioids may be a sign of more-difficult-to-manage pain and possibly more frequent dose adjustments. Visits to the ED could be prompted by adverse effects occurring in the context of dose adjustment. Preexisting substance abuse has been repeatedly identified as a risk factor for abuse of prescribed opioids, but our data suggest that it also poses significant risks for ED visits and ADEs. This might be owing to the association of substance abuse diagnoses with opioid misuse. [19] [20] [21] [22] Our results suggest that preexisting substance abuse diagnoses should be included in any risk stratification scheme for COT and likely indicate the need for closer follow-up of these individuals. 23 In our sample of COT recipients, fewer than 3% had any ADEs in the year following 90 days or longer opioid use. However, those with a substance use disorder diagnosis in the preceding year had from 18% to 73% more ED utilization and were 3 to 5 times more likely to have an ADE. According to 2006 DAWN data, 7 approximately 1.5% of ED visits were associated with drug misuse or abuse.
In prior studies, ongoing substance abuse or a history of such abuse has been shown to be associated with an increased risk of prescription drug misuse. 19, 21, 22, 24 There has been an increase in the reported number of overdoses from prescription opioids, but studies are only now revealing the connection between the likelihood of over- dose and the prescribed opioid dose or type. [4] [5] [6] In our study, combining sedative and/or hypnotic drugs with prescription opioids increased the likelihood of ED visits and ADEs. In a recent study of overdose deaths in West Virginia, 8 79% of the patients who died of overdose also tested positive for alcohol and other drugs. Because our study identified opioid abuse or dependence based on diagnoses provided in claims records, we were unable to clinically validate the diagnoses or characterize the particular opioids of abuse. Mental health disorder diagnoses were also associated with the outcomes examined in our study. 15, 16 However, the associations were generally not as strong or as consistent as for substance use disorder diagnoses.
Strengths of this study include the availability of data from 2 large samples representing different payer types, regions, and socioeconomic status, thus increasing the generalizability of the findings. We also examined a broad range of medical, psychiatric, and medication use variables potentially associated with the health service utilization outcomes examined.
Limitations of this study are those associated with the use of administrative data. Diagnoses were based on ICD-9-CM codes recorded in clinical encounters. These tend to be specific but not sensitive, 25 which means that all cases are not detected, but few are misclassified. We had no information on the effects of opioid therapy on pain intensity or pain interference with daily activities, so we are unable to address these potential benefits of opioid therapy. Data on opioid and other medication use were limited to prescriptions dispensed and may not reflect how patients actually used the medications. We lacked information on the severity of different conditions, particularly mental health and pain disorders, that might influence health service utilization. Sociodemographic data available for both samples were limited to age and sex; therefore, we were unable to control for race or income, additional characteristics that may influence health service use. We controlled for the most common pain conditions, but it is possible that there may be other pain and nonpain conditions that may influence the outcomes examined and that were not adequately controlled for in our models. It is possible that there are other factors important in the association between opioid use and ED visits and ADEs that were not accounted for in our models. While the results of our study demonstrate a strong association between opioid type and ED visits and ADEs, we do not have the information necessary to claim that these visits were caused by prescription opioid use. In addition, everyone in the study sample had at least 90 days of opioid use, and thus our findings may not apply to populations with more short-term or intermittent opioid use.
In summary, this report describes clinical and demographic characteristics associated with ED visits and ADEs among adult enrollees in a state Medicaid and commercially insured population who used prescription opioids for at least 90 continuous days Receipt of any Schedule II opioids and substance use disorder diagnoses were the variables most strongly associated with the health service utilization outcomes examined. Short-acting Schedule II opioids were associated with increased numbers of ED visits, while long-acting Schedule II opioids were associated with increased numbers of ADEs. It may be possible to increase the safety of COT by minimizing the prescription of Schedule II opioids in higher-risk recipients. To increase the safety of COT, further research is warranted to investigate in more detail the relationship observed between receipt of Schedule II opioids and ED use and the interaction between opioid type received and other clinical risk factors identified. 
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